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EXECUTIVE SUMMARY

Recently there has been increasing interest in
biological monitoring. Although sensitivity of chemical
measurements has improved greatly, these measurements do not
reveal or explain the effects of the measured chemicals on
living organisms. The great number of contaminants being
released into the environment is tazxing measurement
capabilities,

This report provides scientific¢ insights into the
environmental objectives to which meonitoring is to
contribute and suggests suitable criteria for choice of
variables that are likely to be highly cost-effective for

the regulatory purposes of the Env1rcnmental Protection
Agency.

Biological monitoring can assist the Agency's major
monitoring functions by

L 2 providing advance signals of undesirable
environmental changes:

® providing important data for determining the
causal relationships between contaminants and
their mixtures and the responses of living
organisms;

3 -helping to determine whether regulations are being
followed; and

- providing knowledge of the actual reSponses of
living organisms to different levels and mixtures
of contaminants in the environment. . :

Biological, chemiecal, and physical monitoring are all
useful in assaying changes in the structure and function of
ecological systems. Biological monitoring must be an

essential component of any environmental monltarlng system
for the following reascns:

. Only bioclogical monitoring can directly measure a
biological effect: toxicity is a biological
concept.

. Monitoring living organisms, which serve as

continuous monitors of environmental conditions,
can often be less expensive than attempting to
maintain continuous chemical monitoring systems.



. Living organisms, which accumulate and concentrate
chemicals in their tissues, can increase the
sensitivity of measurements.

. Living organisms are the ideal system for
determining the effects of complex mixtures of
contaminants,

® Biological monitoring can be sensitive to a broad
array of complex environmental disturbances.

A biological monitoring program should be broad in
scope to help identify important pollutants and other
stresses on ecological systems whose effects have not yet
been appreciated. A biological monitoring system should also
be continuous over time to help formulate a picture of the
natural variability in ecosystem structures and processes.

A useful biological monitoring system will develop and
change with time, yet must maintain sufficient consistency
so that earlier and later data can be comparsd and the
differences interpreted.

The findings in this report are not intended to replace
anticipatory studies of ecological systems. This report
concentrates upon processes that are sufficiently well known
so that their usefulness as signals of events is already
clear. It is urged that bieological monitoring be developed,
in part, at sites where long-term ecolegical studies are
taking place. This should increase the chances of
discovering unanticipated processes and consequences of
significance,.

This report is an attempt to select biological
monitoring procedures that should be 'useful in the ¢oncept
of rapidly changing technoclogical and ecological events, It
is hoped that the suggestions in this report will form the
basis for a long—term monitoring program that will be as
relevant in the future as it is now and one to which future
components can be added.



GOALS OF AND CRITERIA FOR DESIGN OF
A BIOLOGICAL MONITORING SYSTEM

I. INTRCDUCTION

The Scientific Committee on Problems of the Environment
(SCOPE) of the International Council of Scientific Unions
(ICSU) has defined monitoring as "the systematic collection for
a predetermined purpose of intercomparable measurements or
obgervations of any environmental variable or attribute."
Monitoring involves measurement of (a) substances in various
compartments of the enviroenment:; (b) the physical, chemical,
and biological status of the wvarious compartments or
environmental media; and (<) the nature and magnitude of
effects of various perturbations on physical, chemical, and
biological targets in the environment.

Until recently the emphasis of environmental monitoring
programs has heen toward more precise measurement of specific
contaminants. This has been stimulated by substantial
improvements in our abhilities to measure exceedingly small
amounts of these substances and by the nature of existing
legislation, which tends to be oriented toward specific
chemicals. This very success has led to an inereasing interest
in biolegical monitoring because (a) the finer the level of
chemical measurement, the less certain we become of the real
environmental significance of what we are measuring, and (b)
the large number of contaminants currently being released into
the environment means that little can be learned about their
combined effects without looking at the living organisms,
including humansg, whose health and welfare the regulations are
really designed to protect.

The main objective of a bhiological monitoring program is
to signal the likelihood ¢f ecological and human health
implications of introducing various guantities of materials
into the environment., Ideally, it would be desirable to have
some of these consequences expressed as effects on ecogystems.
However, because ecosystems are highly plastic in theilr
structures and responses, there are no simple diagnostic
parameters of ecosystem disruption. The biotic components of
ecosystems, however, are integrators of the interactive webs of
cause and effect, Therefore living organisms can be used both
as monitors of the movements, accumulations, and modifications
of materials and as monitors of the bioclogical effects of those
materials. Criteria and standards for contaminating materials
should be based on knowledge of their effects and why it is
advisable to keep perturbations of ecological systems within
certain limits. Monitoring of a physical or chemical nature can
only tell us the guantities of those materials in the
environment. Biological monitoring is needed to tell us what
these materials are doing.



This report provides scientific insights into the
environmental objectives to which monitoring is to contribute,
develops suitable criteria for choice of variables to be
monitored, and suggests specific variables that are likely to
be highly cost effective for the regulatory purposes of the
Envireonmental Protection Agency (EPA). These are difficult
tasks because the number of species and interactions in natural
and human-modified communities of living organisms is so large
that only a small fraction can ever be monitored., Given the
large amounts of money likely to be invested in biological
moniteoring programs, careful thought must be given to the
design of a program prior to initiating it.

A program of biclegical monitoring must be accommodated
within the overall framework of monitoring within the EPA.
Biological monitoring can aid the four major functions of
monitoring for the Agency in the following general ways:

(a) Anticipatory/Research Monitoring‘

Monitoring that provides advance signals
of change in the environment that may
- be undesirable from the human point of view.
Enowledge of these changes can provide guid=-
ance for research activities designed to
determine more precisely the nature of these
c¢hanges, their causes, and probable
cunulative effects.

{b) Regulatory Development

Effective and reasonable regulations must
be based upon solid knowledge of causal
relationships between contaminants and
their mixtures and the responses of

living organisms. Monitoring provides

data important or necessary for determining
these relationships.

-

(c) Enforcement of Regqulations (Including Self-Monitoring)

Monitoring is necessary to find out if
regulations are actually being followed.

(d) Evaluation of Programs and Regulations

Judgments of the effectiveness of regula-
tions must ultimately be based upon

knowledge of the actual responses of living
organisms to different levels and mixtures of
contaminants in the environment. No amount of
chemical and physical monitoring, however
precise, can provide this information.



Biclogical, chemical, and physical monitoring are all
useful as ways to assay changes in the structure and
functioning of ecosystems. Biological monitoring is an
essential component of any environmental monitoring system
hecause: :

(a) Only biological monitoring can directly
measure a biological effect. Environmental
ragulations are desighed to protect living
organisms, not to achieve a certain level of
some chemical in the environment. Toxicity
is a biological concept.

(b) Living organismg serve as continuous
monitors of envircmmental conditions and
may accumulate and preserve in their tissues
records of past conditions. Such a record
can be obtained, in many cases, far less
expensively with living organisms than by
attempting to maintain a continuous chemical
monitoring system.

(¢) Because many living organisms accumulate and
concentrate chemicals in their tissues, they
can increase the sensitivity of measure-~ .
ments.

(d) Increasingly, environmental problems involve
understanding the effects of complex mixtures
of contaminants. EKnowing the effects of
these substances, individually or in simple
mixtures, may reveal little about their
effects in complex mixtures. Living
organisms constitute the ideal system for
determining the effects of these complex
mixtures. Species differ strikingly in
their responses to different contaminants:
they can also modify some compounds into
products that may cause unanticipated changes
in ec¢ological systems.

(e¢) There are many broadly based stresses on

living organisms arising from complex dis-
~ turbances which include not only micro=—

contaminants, tozxic substances, and nutri-
ents, but also stream medification, dredg—
ing, £illing, draining, exploitation of
living resources, introductions and invas—
ions of exotics, and changing land use such as
forestry and agricultural practices, Bio—
logical monitoring, properly designed, can
be sensitive to a very broad array of disturbances.



The importance of biological monitoring is strikingly
illustrated by cases where environmental pollution problems
were first identified by responses from living organisms. For
example, plants have played an important role in the
identification of air pollution problems. In the 1950's,
chemical tests of polluted air in the Los Angeles Basin
revealed a strong oxidizing power and large guantity of
unburned hydrocarbons, but it was the nature of vegetation -
damage that identified the most toxic components of the
complex mixture, Silvering of the undersurface of foliage of
certain plants was assog¢iated with an unknown compound later
identified as peroxyacetylnitrate (PAN) (Stephens et al.,
196l). sSimilarly, stippling of the upper leaf surface of grape
was associated with the occurrence of ozone. Today PAN and
O, are considered the most important oxidants in the air.

Tgat other phytotoxic oxidants may he present in the air is
suggested by specific responses of other plants (Heck, 1978).

Fluoride pollution of the atmosphere from specific point
sources has sometimes been detected first by damage to
vegetation. Accumulation of lead (Pb) and cadmium (Cd) in
vegetation growing along our highways has provided evidence
that the source of these toxic compounds is traffic-related.
The detection of heavy metals, especially in food crops, has
resulted in further studies with animals and humans.

The existence of a daily pulse of water with high
concentrations of heavy metals in the Sacramento River below
Keawick Dam was first detected by high mortality rates of
salmon. The sources of the metals were abandoned mines, but
analysis of surface waters of the water column in the reservoir
of the Keswick Dam had failed to reveal the presence of heavy
metals. However, diatoms placed in the river below the dam
plasmolyzed at about 5:00 p.m., and water sampling at that time
revealed the presence of heavy metals. Subsequently, it was
established that the pulse of metals in the water was caused by
the opening of the Shasta Dam gates at noon for production of
peaking power. Four hours later these waters reached
Keswick Dam, causing turbulence to agitate the bottom
sediments containing the metals. These sediments then passed
through the gatezs of RKewsick Dam, and the colloids were sorbed
onte diatoms and the gills of fish. The continuous and easy
monitoring provided by the diatoms enabled rapid pinpointing of
the precise time of day when heavy metals were present in the
water column.

Animals have alsc been useful in identifying
environmental problems ever since coal minexs carried canaries
into the mines as guick indicators of carbon monoxide
concentrations. Some geochemical prospecting is being done in
Finland (Bovle and Garrett, 1%70) by utilizing trained dogs to



locate mineral deposits by detecting sulfur dioxide that
emanates from oxidizing sulfide minerals. C{anadian companies
are currently financing a project to investigate a broader use
of canines for geochemical prospecting. Termites are being
used as assistants in geochemical prospecting in deserts of
South Africa because they may burrow as deep as 160 meters to
find water and carry earth particles from those depths to their
earthen homes near the surface.

Despite these important contributions, the potential for
biological monitoring has just been touched.,

Focus of This Report

The orientation of this report is toward the four major
roles of monitoring in EPA (page 4). We show when biologieal
monitoring can provide data more difficult to obtain by physico-
chemical methods, and when biclogical monitoring can be more
cost—effective. We recognize the importance of gquality control,
data storage and retrieval, and methods of analysis of samples,
but we do not provide specific suggestions on those topics. We
also recognize the potential value of remote sensing systems for
detecting changes in comminities of plants and animals but this
technology lies outside the scope of this report, We also
exclude monitoring of groundwater, because physical and chemical
methods are superior to bieclogical ones for that important
component of the environment. We also dwell only briefly on the
important topic of bioleogical monitoring in the open ocean
because responsibility for that activity lies primarily with
other agencies. OQur attention is directed toward the overall
goals of a biological monitoring system, criteria for selection
of species, their attributes and biological processes . to bhe
measured, criteria for site selection, and interpretation of
results,

The recommendations contained in this report are not
intended to replace anticipatory studies of ecological systems
to reveal underlying processes whose importance for the
activities of the EPA are not now evident. Instead we
concentrate upon processes that are sufficiently well known that
their usefulness as signals of events are already clear, and we
urge that biological monitoring he developed, in part, at sites
where long-term ecological studies are taking place because this
should increase the chances of discovering unantigipated
processes and conseguences of importance.



II. PRINCIPLES OF BIOLOGICAL MONITORING

A, SOME BASIC CHARACTERISTICS OF ORGANISMS AND THEIR
ENVIRONMENTS OF IMPORTANCE FOR MONITORING

Only a small fracticn of the millions of living species
can be monitored: those few should be salected to be
representative of broad categories of organizms whose responses
are expected to he similar to those of the test species. The
basi¢ characteriztics that should guide the selection process
include the following:

Trophic Level. A monitoring program should include
organisms at all trophic levels because species in each group
may be exposed to different human-caused stresses and different
concentrations and forms of contaminants because materials are
modified by other organisms and because pollutants are
concentrated and accumulated in the tissues of organisms at
each trophic level. Thus, a monitoring program should include
both the effects of stressors on the environment and the effect
of the "environment" on stressors. The kinetics of
biotransformation influence residence times of materials and
are, therefore, important for the selection of test methods,

sStructural Complexity. Living organisms range from
relatively simple unicellular species to large and complex
malticellular forms, Associated with these levels of tissue and
organ complexity are striking differences in metabeolic rates,
ability to assume resting stages, longevity, patterns of
biotransformation of ingested materials, bicaccumulation
capabilities, mobility, and diet. Therefore, monitoring should
include organisms covering a broad range of structural
complexity.

Life History Characteristics. All organisms grow, repro-
duce, and dle, but they differ widely in the ways in which these
activities respoqﬂ to environmental stress, as follows:

(2) Longevity: Short-~lived organisms respond
guickly to rapid environmental changes, long-
lived ones integrate stresses over saveral
years or decades.

() Growth: Species with high metabolic¢ rates
and, hence, rapid growth are often more
sensitive to contaminants than are species
with lower metabolic rates. Rapid growth rates
are often characteristic of species adapted for
rapid colonization ©of disturbed sites.



(e) Reproduction: S8pecies allocate different
‘ proportions of their energy budgets to

reproduction,. The rate and success of
reproduction are often the most sensitive
responses of a species to perturbations.
Therefore, monitoring reproductive rates is
often a good way to detect biclogically
important perturbations.

(d) Defense: In addition to seeking food,
living organisms devote some of their
resources to avoiding being eaten. Some
species have physical and chemical defense
mechanisms while others de not, This may
have important consequences for their
responses to perturbations.

(e) Mobility: Some organisms are sessile,
while others move easily, thereby
escaping areas with high concentrations
of contaminants., At the same time, by
their movements they may transport
contaminants to new areas.

B. THE COMPONENTS OF A BIOLOGICAL MONITORING SYSTEM

Biological changes can provide the first signals that
something needs to be examined more clesely and can indicate
where attention needs to be directed. Because these signals
mist be detected over a background of natural variation, a
monitoring program must be broad in scope and continuous in
time. Continuous data over long time pericds provide a picture
of the natural background of variability in ecosystem structures
and procasses, causes of which are still largely poorly
underztood, without which the nature of human—-induced changes
gannot be estimated., A broad approach is also important because
many important pollutants and other stresses on ecplogical
systems have not yet been identified and many new ones are
certain to be created, Any monitoring system geared to known
pellutants will guickly become outdated., Moreover, breadth of
the program is important if the biolegical impacts of complex
nixtures of pollutants are to be demonstrated.

A useful biclogical monitoring system must develop and
¢change with time, but it must also maintain enough gonsistency
s@ that earlier and later data can be compared and the
differences interpreted. Methods must also be consistent
geographically to permit meaningful comparisons of results among
different regions of the country. Because of the many
differences among ecological gsystems and species, few species
are widely enough distributed to occur in all, or even most,
areas where monitoring is needed, However, there may be groups
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of species, usually closely related to one another, that are
similar in their responses to perturbations that can serve as
relatively uniform monitors. Thus, by careful selection of
species and processes to monitor, differences caused by changes
in asscciated species can be distinquished from differences
caused by variable environments and, hence, the conditions to
which the species are exposed.

We have attempted to select biomonitoring procedures that
should be relatively insensitive to rapidly changing technical
and ecological events. Hopefully, our suggestions will form
the basis for a long~term monitoring program which will be as
relevant in the future as it is now and which will remain a
part of the basic program to which future components can be
added.

Important aspects of biological monitoring are
measurements of species richness and the rates of important
ecosystem processes. Much c¢an be learned about an ecological
system from an enumeration of species present and estimates of
their relative abundances. Shifts in basic metabolic process,
such as the increase in respiration rates due to increased
bacterial use of organic nutrients, as measured by the
biological oxygen demand (BOD) of a system and the resulting
reduction of dissolved oxygen (DQ), may also provide important
clues about ecosystem processes. The concentration,
distribution, and rates of recycling essential plant nutrients,
such as available nitrogen, phosphorus, and silicate, can give
¢lues about the enrichment or impoverishment of an ecological
system. The concentration of critical compounds can indicate
important ecosystem processes. For example, chlorophyll and
phaeophytin are indices of photosynthetic potential of an
ecosystem, and measurements of ATP or RNA are indices of its
total biomass and heterctrophic capacity. In terrestial
systems, where measurements of useful rates are much more
difficult to obtain than in aquatic, for the present at least, a
monitoring system should focgus on responses of particular
species rather than on system level processes.

Fa

Biological monitoring can he easily coordinated with a
program of chemical monitoring, and the biclogical data can
greatly enhance our ability to interpret the causes and
significance of observed changes in chemical parameters. For
example, a progressive increase in standing crops of certain
kinds of organisms can presage eutrophication of the ecosystem;
nutrient measurements may identify potential causes,

Knowledge of the species or species groups in the
community is needed for interpreting measures of structure and
processes in communities of organisms. Caution is necessary
when interpreting measurements of species richness or ecosystem
processes., While such measurements can give quantitative
assessments of rates, these measurements may not reflect

10



important changes in the quality of the populations involved.
For example, high rate of primary production can be due to
unpalatable species as well as to those that are valuable as
food for herbivores. Many blue~greens and some small green
~algae are not ingested or digested by herbivores and may
accumilate to nuisance levels in ecosystems.

C. IMPORTANT CRITERIA FOR SELECTION OF SITES FOR BIOLOGICAL
MONITORING

Sites for anticipatory monitoring should be established
with a view to their long-term utility because the value of
monitoring data increases with the length of time over which
they are available. Als¢, as pointed out previously, the value
of biological monitoring data is increased by the availability
of prior and concurrent physical and chemical monitoring from
the sgame sites. The following criteria are important for
selecting anticipatory monitoring sites:

(a) Sites should represent the major terrestrial,
freshwater and marine ecosystems in the
United States.

(b} Sites should ineclude natural ecosystems and
thoge that have been perturbed by human activity.

(¢) Site-gpecific programs should utilize available
regional pools of trained scientists and
laboratories.

(d) Sites with previously gathered data on
- physical, chemical, and bioleogical
processes are preferable to those without
such data.

Monitoring to determine the efficacy of regulatory
standards and to detect potential violations of those standards
must be carried out at sites close to specific polluting
facilities and in areas where concentrations of one or more
pollutants are known to be close to the limits established by
regulation. Wherever possible such monitoring should be
preceded by a process of hazard evaluation that estimates the
risks to an ecological system. This process requires evidence
about (1) toxicity =-- the inherent property of the chemical
that will produce harmful effects to an organism (or community)
after exposure of a particular duration at a specific
concentration (the same strategy may be used for other
stressors such as suspended solids or heat):; and (2)
environmental concentration =-those actual or predicted

11l



congentrations resulting from all peoint and nonpoint sources as
modified by the biolegical, chemical, and physical processes
acting on the chemicgal or its byproducts in the environment
(Cairns, 1978). This is the predictive control in Figure 1 from
Herricks and Cairns, 1979. A more detailed description of the
hazard evaluation process may be found in Cairns et al, (1978).
Protocols for this purpose are in Cairns and Dickson (1978).

If this process is carried cut, the biological monitoring
can serve to verify the predictions, leading to broader
understanding of underlying processes, It also provides an
arror control if either the predictions (i.e., hazard
evaluation) were inaccurate or the recommended concentrations
were exceeded, Systems useful for evaluating the effectiveness
of regqulations are of two types: (1) early warning systems,
which expose organisms before the material enters the ecosystem
{(van der Schalie et al.,, 1979) and (2) receiving system monitors
that determine biclogical response after the material had
entered the aquatic or terrestrial ecosystem (Patrick and
Strawbridge, 1963). Various techniques for bhoth purposes in use
in a2 number of industrial countries are described in Cairns et
al. (1977). A summary of the literature on early warning systems
may be found in Cairns and van der Schalie {(in press).

Network monitoring involves periodic collection of
information at a large number of sites that are not specifically
identified by an existing problem. Selection of these sites
depends upon both the importance of gathering information from a
variety of different environments and the availability of
volunteers available to cooperate with the program. In each
case, the specific questions to be answered or patterns to be
detected must he articulated before the monitoring needs
appropriate to those issues can he established. A substantial
- amount of network monitoring is already being carried out, and
any new system should make full use of such activities, among
which are the integrated Mussel Watch program of EPA and the

monitoring of the Delaware River and its estuary.
2. THE UTILITY OF BIOQLOGICAL MONITORING FOR EPA'S GOALS

As indicated previocusly, monitoring serves four major
roles for the Environmental Protection Agency. They are (1)
Anticipatory or Research Monitoring, (2) Monitoring for
Regulatory Development, (3) Monitoring for Enforcement of
Regulations, and (4) Monitoring for Evaluation ¢of Programs and
Regulaticons. We now consider how these roles can be furthered
by biological monitoring activities.

12



l. Monitoring for Anticipatory and Research Needs

An important geal of any regulatory agency is to
anticipate problems so that corrective action can be taken in
time to avert or at least diminish their impact. Because our
knowledge of the biological effects of chemicals is so meager
and because we are annually developing so many new chemicals
about which nothing is known, it is c¢lear that the EPA needs to
take advantage of all useful sourcees of advanced warning
information. Living organisms are especially suited for this
purpose because they are inevitably exposed to all environmental
contaminants whether or not we know about them or have decided
to measure them, Therefore, living corganisms are the best
possible zignals of environmental events that need timely
investigation, For example, if a certain plant species begins
to exhibit a new type of injury symptom of unknown cause, some
new air pollutant may be involved, The nature of the injury may
also suggest the probable type of contaminant.

Living organisms can also be useful in the reverse manner.
For example, if a new pollutant is identified, EPA may wish to
search for a plant species that exhibits unusgual sensitivity
toward that contaminant to provide a conspicuous environmental
"marker.”

For living organisms to be useful, however, it is not
sufficient to collect and store specimens and data, Aall
materials need to be analyzed promptly and the results
disseminated to researchers and regulators so that there can be
quick, appropriate responses to the information. Unanalyzed
specimens and samples may be of retrospective use, but they can
contribute little to our ability to anticipate problems,
initiate suitable research, and develop appropriate regulations.

2. Monitoring for Regulatory Development

The heart of development of regulations is the preparation
of criteria documents. Adeguate criteria require knowledge not
only of affects close to the source of the contaminants but also
of the patterns of their movements, the sites of their
acoumulation (if any), and their modes of breakdown.

The amount of accumulation varies with the species, the
chemical, exposure time, and age of organisms, For each
program those organisms should be used that are known to have
rapid and high accumulation rates. Ratios between amount
accumilated, rate of water flow, and time of exposure for each
site are highly useful and should be developed as gquickly as
passible. '

13



3. Monitoring for Enforcement of Regulations

Promulgation of regulations does not guarantee that they
will be observed. In fact, the level of violations can he
expected to be inversely correlated with the intensity of
moniteoring activities capable of detecting such violations.
This type of monitoring will generally be source specifie, and
the systems designed to measure directly the cutput of
particular point sources, Even here, living organisms have
important advantages because they preserve in their tissues
records of past pollution events. Therefore, collection of
tissues and their analysis on only an intermittent basis can
provide a continuous record of past episodes and, hence,
violations of regulations,

Biological monitoring can also involve people living near
point sources of pollution., For example, small gardens in
which an array of plants with different sensitivities to air
pollutants are planted can provide opportunities for citizens
living near major point sources of pollution to both monitor
progress made in cleaning up the air and to detect sudden
changes. People are generally more interested in and nmore
impressed by actually observing spots developing on the leaves
of familiar plants than they are in hearing figures about the
number of parts per million of some peollutant in the
atmosphere,

4. Monitoring for Determining the Effectiveness of
Regulations

The purpose of regulations is not to achieve some level of
an environmental contaminant for its own sake but to protect the
health and welfare of living organisms, including humans.
Therefore, the ultimate test of the efficacy of a regulatory
program is its effects on living organisms. The decision
concerning what level of protection we desire and are willing to
pay for is a political one. However, the evaluation of whether
we have, in fact, achieved a peolitically-determined desirable
objective is a technical problem to which biological monitoring
can and should make a key contribution. Substantial progress has
been made in the design of hiological menitoring systems for
point source pollution, The general monitoring of changes in
species abundances and distributions, growth rates, and
fecundity reveal a great deal about how well living erganisms
are doing., Therefore, most of the monitoring programs we will
suggest should contribute to the ongoing process of evaluating
the progress toward the attainment of desired standards of
environmental quality.
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IIT. RANK ORDERING OF PRIORITIES

An ideal biological monitoring system would regquire
commitment of resources beyond those likely to be available in
this country on a sustained basis. Therefore, though we regard
all aspects of the monitoring program suggested in Appendix A as
being important, we feel compelled to offer some suggestions for
the type of program that might best be implemented under
different levels of funding. To make this more explicit, we
imagine a monitéring program with low, medium, and high levels
of funding and indicate those components that we feel should be
carried out at sach of these three levels. Our decisions are
not made simply on the basis of the importance of certain kinds
of information. We also give heavy weight to the utility of
information that can be gained with little effort. Some of our
suggestions, though vital to a good biological monitoring
gscheme, require considerable investment of funds if they are to
be attempted at all, Cur suggestions are summarized in Table 1,
and the arguments for them are contained in the Appendices.

The use of air pollution gardens, honeybees, fur and skins of
mammals, feathers and eggs of birds for terrestrial environments
and diatoms as measures of aguatic productivity are excellent
for a low level funding program. The advantage of utilizing
these indicators is that they may make use of amateurs and
existing personnel in different governmental agencies and
offices, are simple to coordinate, and provide guick indications
of important environmental quality problems.

The use of lichens and other plants as detectors of heavy
metals, insects at ultraviclet lights, molluscs, fishes, and
retrospective monitoring of sediment cores reguire more funds if
they are to be effective, The historical record in sediment
cores is being effectively stored in natural systems at no cost,
and its treasures can be tapped during periods of good resource
availability. There is no need for such a program to be
continuous other than the value of sustained funding of
laboratories to maintain a pool of qualified scientists to carry
out the work.

Monitoring of outbreaks of defoliating insects and
analysis of sediments in lakes are judged to be less cost-
effegtive than our other suggestions and are most suitable for a
monitoring program with a high level of funding.

We emphasize that these are tentative judgments based on
our current assessment of the needs of the EPA and the extent to
which different biological monitoring methods have been
developed. Changes in regulatory needs and new advances in
monitoring techniques and interpretations will, of course, alter
these judgments.
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The entries in Table 1 zhould not be taken to mean that
any one of the components at level one should be fully developed
before any of the components at level two are initiated,

Rather, those aspects of the program suggested for
implementation at low funding levels can and should be increased
at moderate funding levels at the same time that additional
components of the program are activated., We have not attempted
to provide details as to how much of each general type of
activity should be carried out at each of the vaguely defined
funding levels. Questions of specifics of design must be
addressed when actual resources are known and the extent of
cooperation with other governmental agencies has been
determined. The advice of biologists should be sought again at
that critical time,
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TABLE 1

Aotjvities best suited for an antlclpatory bleloglcal monlitering program at dlfferent
levels of fupding. Judgments are based on current status of ecological knowledge.

ACTIVITY UTILITY LOW LEVEL OF MEDIUM LEVEL OF HIGH LEVEL OF APPENDIX A
. ' FUHDING FUNDI NG FURLI HG {pages)
TERRESTHIAL Highexr planta Follutioa K X K 2}

as ale pollution effecis

detectors

Lichens Pollution X B | 22
effaecks

Heavy metals Pollutlon X X 24

wenltorlng effects

wlith plants

Insects at Pollutlon X 4 27

ultravicleat affects

lights

Quthrsak of Accumulation X 26

defoliating of toxicants

insects

Honeybees Accumulatlon X b4 K 24
of toxloants

Fur, feathers, Accumulation X X i 29, 30

and agga of Loxlecants
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AQUATIC

ACTIVITY

latowms

Bivalue wolllscs
Fishes

Agquatlc
productivity
Specles richness
in aquatic
enviranoencs

Sediment
analysls

Retrospective
analysis of
cores

TABLE 1 {Continued)

UTELITY LOW LEVEL QF HEDIUM LEVEL OF HIGH LEVEL OF AFPENDIX A
FUHDI NG FUHDI NG FUNDING . (pages)

Pallution X X x 32

eifects

Accumulation X x 33

of toxlcants

Pollution i X 14

effects

Pollution X x X 5

effects

Pollution X x X 15

effects

Accumilation A X x 41

of toxicants

Accumulacion X X 42
of toxicants
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IV. IMPLEMENTATION QF A BIOLOGICAL MONITORING SYSTEM

The details of implementing a program of biological
monitoring are outside the scope of this report. WNonetheless,
it is appropriate to include a few remarks of a technical nature
that are particularly important if a biomonitoring program is to
be genuinely useful.

Quality Control. A monitoring system can be no better
than, though it can be worse than, the gquality of the
measurements it gathers. Therefore, it is necessary to use high
quality instruments and to institute a regular program of
calibration of all instruments used. There needs to be an
adequate training program for all technicians using that
equipment and close supervision by project leaders. Careful
thought should be given to standardization of techniques prior
to initiation of the program and rigid adherence to those
techniques unless a system—wide degision is made to initiate
some change.

The value of stored specimens and samples also depends
upon the adequacy and uniformity of storage conditions. Storage
is too costly in human resources and money to be done poorly.
Many existing collections are of limited use for retrospective
analysis because of improper c¢onditions of storage.

Data Retrieval. Monitoring programs generate enormous
guantities of data, which are likely to be useless unless stored
in a readily retrievable form. Even more important, however, is
that there needs to be a ¢lear idea why the data and materials
are being gathered. If a real need for the data is felt by the
persons gathering the information and by these involved in its
storage and maintenance, then the information is likely to be
examined and interpreted. If this need is not perceived, the
data are likely to be neglected. Therefore, it iz important
that persons involved in all aspects of the monitoring program
be thoroughly informed of the goals and objectives of the program
and that they receive regular updates on progress, interesting
results and actions taken because of the monitoring program.

Interpretation., Masses of data do not automatically tell
interesting stories. Data become valuable when analyzed by
gqualified persons who understand the patterns that exist, are
alert to different types of changes and what they may signify,
and whe know what should be done in the event that certain
anomalies appear. Great volumes of computer printouts may be
impressive, but their utility is directly proportional to the
gualifications of the persons examining them and the time and
resources that are allocated to thelr interpretation on a
regular ongoing bhasis. There is little value in starting a
monitoring program without a serious commitment to the analysis
and interpretation of the data.
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Dpdating the System. As mentioned previously, there is
considerable value in uniformity of measurement technigues and
consistency of types of measurements in space and time,
Therefore, we have attempted to suggest programs which are
likely to be useful for long time periods. For this reason
specimen and sample banks are likely to be very useful because
those materials are available for analysis in the future for new
pollutants and by new techniques. Therefore, they are likely to
be valuable for new problems and analytical methods not
anticipated when the system was initiated.

Coordinating a Biological Monitoring Program with Existing
Activities. There 1s substantial biological monitoring activity
already underway in the United States. For economy of human and
financial resources, it is important to integrate EPA's
monitoring program with those of other agencies., Also, the
value of biological monitoring data will be enhanced if
specimens are gathered in areas where there is also extensive
physical and chemical monitoring. This will enable the
relationships between the results of biolegical monitoring and
physico=chemical events to bhe better understood. As a
congsequence, the predictive power of biological monitoring will
be increased. Personnel of other Federal and state agencies can
also be employed in a nationwide monitoring program. Other ways
in which interagency cooperation could be developed that would
enhance the capabilities of all the units involved should be
vigorously explored.

Amateurs can be usefully employed in a nationwide
monitoring system. This not only provides a substantial
increment to the human resources available, but it also involves
gitizens in efforts to improve their environments. If people
feel that they are a part of efforts to enhance the quality of
life, they will be more supportive of such efforts and better
informed about the prospects and problems associated with them,
For many years, the National Audubon Society has utilized large
numbers of amateur ornithologists in an annual breeding bird
census of many habitats in the United States. Some of these
records provide the longest continuous censuses of bird
populations anywhere in North America. Many interesting trends
in species abundances and distributions have been revealed by
these censuses. Similar projects invelving perseons interested
in other taxonomic¢ groups, such as butterflies and flowering
plants, could be very productive,
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Appendix A

PROCESSES AND TAXA FOR BIOLDGICAL MONITORING SYSTEMS

To supplement our suggested goals of a hiolegical
monitoring program and the criteria by which sites, taxa, and
processes can be selected, we offer here gpecific sugcestions
for events to monitor in terrestrial and aquatic environments.
The selection is not intended to be comprehenszive but rather
indicative of processes that are currently adeguately understood
s0 that the Task Group could judge their practicality and the
circumstances under which they would be useful. 2As egslogical
knowledge and insights increase, additional processes and tazxa
will emexrge as suitable for inclusion in an evolving bioclogical
monitoring program, and the same or similar c¢riteria can be
employed in their selection.

BIOLOGICAL MONITORING IN TERRESTRIAL ECOSYSTEMS

The efforts of hundreds of ecologists throughout the world
involved with the Intervnational Biological Program (IBP) have
clearly demonstrated the great time and effort required to
obtain even vrough estimates of rates of basic terrestrial
ecosystem processes, Moreover, because terrestrial productivity
is highly sensitive to normal variations in temperature and
precipitation, c¢hanges due to human—-induced stresses are
difficult to detect over the high levels of background "noise.”
For these reasons productivity measurements, although ultimately
of great importance, are not currently well suited to an
extensive bioclogical menitoring program where cost-effectiveness
is of prime consideration. However, sites where productivity is
being measured may be excellent ones for incorporation into a
monitoring network because those measurements will enhance the
value of the monitoring data,

Our suggestions center around the use of selected dgroups
of terrestrial organisms having one or more properties of
special utility for anticipatory and regulatory menitoring.
Because of their size, complexity, and dominance in terrestrial
systems, we begin with wvascular plants, then consider simpler
plants and, finally, animals.

1, Higher Plants as Air Pollution Detectors

Higher plants c¢an function as a very effective air
pollution detection system because of the sensitivity of certain
species to particular peollutants and because characteristic
symptoms are exhibited following acute exposures to different
gases,
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In the 1950s, smog was a familiar phenomenon in
Califernia, but the toxic components of photochemical oxidants
were unknown until they were revealed by plant asszays. Lesions
on bean, spinach, and grape leaves indicated the presence of
ozone {Middleton, 1956) and on annual bluegrass indicated the
presence of peroxyacetylnitrate (Bobrov, 1955). Should another
toxicant be released into the environment some other plant
species might be affected by it before the atmospheric chemist
recognizes it.

In the last 25 yvears, detailed descriptions have been
published of species that are sensitive to the major pollutants
and of symptoms that are readily recognizable., An array of
colored prints has been indexed in Recognition of Air Pollution
In]urx to Vegetation: A Pictorial Atlas (Welnstein and McCune,
1970). “These so—called Indlicator plants are extremely useful in
delineating air pollution episodes, Bel W3 tobacco has been
used extensively in the United States and Europe as an indicator
of ozone contamination. Heck and his associates (1969; 1970)
developed the technigque, In a recent publication on
photochemical oxidants by the Naticnal Academy of Sciences
{1977), Heck concluded that the response ¢of Bel W3 tobaceo can
provide estimates of the frequency of oc¢currence of phytotoxic
concentrations of oxidants, the relative severity of each
episode, and the regional distribution of oxidant pollutants,

Thug, there is considerable return for little money.
Al though teobacco is a goed indicateor of oxidant phyvtotoxicity,
it is not a goed indicator of oxidant concentrations in the
ambient air. (Heck, 1877). Tobacco injury does not correlate
well with oxidant concentrations on a weekly basis, probably
because other environmental factors influence plant response.
This is a significant shortcoming, but chemical and
meteorological data alone do not give a clear picture of the
biotoxicity of air pollution episodes either,

Weinstein and McCune (1970) have advocated the use of
plants as indicators of HF pollution. To ensure success, they
have urged that the planted plots under observation meet the
criteria of uniformity in general background and cultural
maintenance, sufficient abundance, sufficient sites in the area
to account for pollutant dispersion, a species composition that
will develop specific symptoms, and sufficient variety of plants
to represent a range of susceptibility.

2, Simpler Plants as Air Pollution Indicators

Simpler terrestrial plants such as lichens and mosses
have no wvascular tissues; rather, they absorb water and
nutrients directly from rainwater and air., They also absorb
pollutant particles from airborne or substrate-borne water
solutions. Short-term sensitivity of lichens to toxins is no
greater than that of vascular plants, but, because lichens
absorb and concentrate pollutants much faster than vascular
plants, toxic effects appear sooner.
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Because S0, absorbed into tissues converts chlorophyll
to phaeophytin, which is nonphotesynthetic, exposure to SO,
reduces photesynthetic capacity. Presumably it is the
accumalation of toxins from prolonged exposure that retards or
halts vegetative growth and reduces or prevents repreoduction.
The effect is faster and/or more proncunced on lichens with a
more luxuriant growth form, that is, with a greater surface~to-
volume ratio, Also, the effect of toxing is greater if
humidity is high, perhaps because high humidity allows
absorption to proceed faster.

A useful index for detecting the effects of air pollution
cn lichens is Lichen Species Diversity, a measure combining
both the number of species present and their relative
abundances. Abundance is conveniently measured in terms of
extent of coverage of substrate area, but growth form and
degree of luxuriance can also he entered into the index.

Lichen species diversity declines with increasing levels
of 50, pollution in the air and declines with increasing
levels of other toxins, such as heavy metals, on substrates.
Its decrease is caused by reduction in the number of species and
in the abundance (areal coverage) of each species, particularly
because abundant species usually decline in abundance more than
others. In general, fructicose lichens become proportionately
more rare in number of species and in real coverage per species
than foliose lichens, and foliose become more rare than
Qrustose. '

To diagnose pollution, one must compare lichen species
divergities on affected and unaffected arsas with the same
sampling method on comparable sites, Important site conditions
include:

{a) Substrate., Boles of living, vertical, unshaded trees
are best because they are exposed to wind; their poor
buffer capacity does not mask SO, levels (high pH
weakens 502 effect), and they have high lichen
species Jdiversity in unpolluted areas. Where trees
are absent, acid stonework, the top foot of free—
standing sandstone walls, granite tombstones, old
aszbestos roofs, or calcareous stonework can be used
instead.,

(b} S8helter, Pollutants which get trapped in thermal
inversions, such as 805, have less effect in
sheltered valleys and narrow ravines than on exposed
ridges,.

The accuracy of lichen species diversity is high if a
scale which measures the abundance of a large number of species
on uniform substrate, shelter, and humidity is used. Ezperiments
show that 80, and at least some heavy metals (zinc and
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cadmium) are toxic and strongly reduce the photosynthetic
capacity of lichens after short-term exposure. Also, the
negative correlation of lichen species diversity with distance
from pollution source is close and corresponds to levels of mean
ambient S50, concentration measured electronically.

3. Plants as Monitors of Levels of Heavy Metals

About 45 years ago Goldschmidt (1937) and Vernadsky (1934)
showed that some elements were accumulated by humus and
vegetation. As a result of their discoveries, the use of
biological methods in search for deposits of important minerals
began to be developed. The basic¢ underlying assumption is that
a given element in the substrate, bedrock, or so0il will be
accumulated in a repeatable manner by a specific plant, and that
a high guantity in the plant will indicate a high gquantity in
the substrate., The studies of Cannon and her co—-workers, (1960;
1964), carried out on the Colorado Plateau on the distribution
of uranium in plants, facilitated the discovery of several
uranium ore bodies. This approach to the discovery of the
presence of elements could also be employed by EPA.

Furthermore, because contamination of the environment by toxic
amounts of elements will be indicated by the presence or absence
of certain plants, this observation could be used asg a
monitoring device,

In certain portions of Utah where the apiary industry
suffered from an abnormal loss of beesg, it was discoversd that
the death of bhees was caused by selenium toxicity from their
pollinating of seleniferous plants. Seleniferous plants were
spreading into that region in large enough numbers to acecount
for the observed bee mortality. An enhanced distribution of
seleniferous plants has also been observed elsewhere on the
western slope of the Rockies.

In a study concerning the distribution of lead in plants
growing neay Canadian highways, Warren and Delavault (13960;
1367) showed that gasoline exhaust from cars and trucks is
distributed in afd on vegetation growing near highways and that
plants in such an environment could accumulate as much as 1,000
ppm of lead in their ash despite the fact that they grew far
from any area known for lead mineralization.

Not all plants react in the same fashion to the anomalous
quantities of an element or an assemblage of elements in the
bedrock. Certain species of plants, such as Astragalus
bisculcatus, will grow only where there is a specific element or
assemblage of elements present, in this case selenium. The
selenium accumulators of the genus Astragalus are universal
indicators; if they are present there 1s at least 2 ppm of
selenium in the scoils. They will not grow in the absence of
gselenium, although their accumulating ability may vary from
season to season as well as from one growth state to the
subsequent one (Cowgill, 1979).
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Some plant spec¢ies will grow in an environment and
accumulate one or more elements if present, but if these
elements are absent the plants grow perfectly well. A typical
example of such an accumulator plant is hickory (Carya spp.)
which grows quite well in the absence of rare earths, but which
accumulates them in high quantity when present, guffers no ill
effects, and even manages to deter insect predators from its
leaves (Robinson, Whetstone, and Scribner, 1938; Robinson,
Bastron, and Murata, 1958).

Plants knoewn to accumulate specific elements are listed
in Appendix B.

The use of indigator accumulator plants and physiclegical
and morphological changes in plants, brought about by excess
quantities of elements, have both advantages and disadvantages
as a system in bilological monitoring. The advantages are:

e Plant roots extend into areas that are not
immediately obvious to the observer and hence may
provide information more easily and more quickly
than soil and rock sampling would readily provide.
Trees, for example, may have an extensive root
system which might provide information on the
amounts of chemicals in the groundwater 40 m
below. Furthermore, plants with extensive root
systems, such as Astragalus, sample a much greater
area and volume of 501% than one would normally
obtain in a soil survey. '

&« Plant samples are easier to collect, are lighter
than soil, and are easily identifiable by a
botanist.

® Interference problems in chemical analysis are
minimal in plant material as compared to soils,
rocks, and lake and river bottom muds.

The disadvantages are:

& Trained botanists are needed to correctly identify
the plants, and trained field workers are reguired
for the sampling.

» Other factors, mostly physical, such as drainage,
slope, soil type, age differences, available
moisture, and pH can have an sffect on the chemigal
composition of a plant.

& A statistically adeguate number of individuals of a

given species must be available in the sampling
region.
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e Plant samples are far more susceptible to
contamination than soils, rocks, and muds. Greater
care is required in their collection, handling,
storage and maintenance.

e Background levels of elements of interest in
natural vegetation in uncontaminated regions must -
be determined. This regquires collection of much
bagsic chemical information not currently available.

4. Honevbees as a Monitoring System

Bees and the materials they carry back to their hives are
already being used to determine the distribution and abundance
of a variety of pollutants including more than 40 elements,
among which are copper, zine, phosphorus, cadmium, lead,
arsenic, flueoride, and sulfur. Bees also accumulate
radicactive substances leaking from waste disposal areas or
power plants. Radioactive fallout materials from such natural
sources as the radionuclide beryllium formed in the
stratosphere and from the Chinese atmospheric weapons tests
have been detected in the bodies of bees, The materials
available for analysis are pollen, honey, water, and the bees
themselves, Chemical analyses of pollen are well suited for
the detection of particles that settle ocut of the air.

An important advantage of using bees as monitors is that
there already exists an elaborate network of commercial beehives
covering most of the United States, It is a simple matter to
collect beesg at the entrances to their hives with a vacuum
apparatus and freeze them immediately on dry ice. Beehive
operators could readily become directly inveolved in routine
collection of bees and in presarving small amounts of honey at
the time of annual collection.

5. Monitoring of OQutbreaks of Defoliating Insects -

Outbreaks of defoliating insects are an important
envircnmental problem throughout the world. They cause severe
economic losses, and attempts to control them may involve use of
dangerous or controversial pesticides. Physical and chemical
stresses on plants, both natural and human-induced, may reduce
their abilities to defend themselves against insects (White,
1974 Rhoades, 1979). There is evidence that insect outbreaks
are more likely to occur downwind from large factories and power
plants then elsewhere in the same general region, If these
activities increase the frequency and severity of such
outbreaks, serious regulatory problems may arise.
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The U. 8. Forest Service has a program for monitoring
outbreaks of a few forest pest species, but insufficient
attention is heing paid to subeconomic level infestations and
their dynamics. An integrated monitoring system of potentially
outbreaking insects and, in particular, relating such a system
to patterns of pollution=-caused stresses on forest trees would
be a valuable source of information. The personnel needed to
carry out these surveys are already employed by the United
States Government, but their collective activities do not
constitute a useful monitoring system.

6. Monitoring of Insects at Ultraviclet Lights

Entomologists have long collected insects at night by the
use of ultravicolet lamps (black lights). Such lights are
general attractors of insects, and little can be learned about
axactly where the insects came from and what they were deoing.

In addition, the numbers and kinds of insects arriving at OV
lights are highly dependent upon immediate weather conditions.
This makes it difficult to detect overall trends in insect
populations. Nonetheless, entomologists have obsarved, for
example, that many large moths no longer come to black lights in
. the northeastern states; other losses of species groups might be
noted if there were more careful monitoring of arrivals at black
lights. '

A potentially useful way of accomplishing such a program
would be to utilize personnel manning the large number of U.S.
Forest Service lookout stations throughout the United States.
These persons should have ample time to colleet insects at black
lights on & limited number of nights during the summer; however,
such a program should not be initiated unless a system of
regional storage and identification centers, such as the
proposed system of regional taxonomic service centers which has
been vigorously proposed by the Entomological Society of America
and by the Assembly of Life Sciences of the National Research
Council, has been established., Otherwise the result is likely
te he wvast but uninterpretable collections of insects.

7. Monitoring of Terrestrial Vertebrates

Terrestrial vertebhrates are generally large and
conspicuous and attract a great deal of attention. Moreover,
they are physiclogically more similar to humans than other
organisms and can be expected to respond similarly to a variety
of environmental contaminants. Birds and mammals are the most
promising of terrestrial vertebrates for these purposes. Birds
can, for example, absorb some toxicants through their feet, and
roosts have been treated with fenthion and endrin to control
birds. Fowles (1972) demonstrated that birds that perch on
phosphamidon—treated twigs can be killed. Takemoto et al.
{1974) reported that pilgeons living in highly industrialized
areas of Japan developed lung pathologies when aerial pollution
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levels were only one=tenth the value of those that produce
analogous pathologies in human lungs. Available information
suggests that birds may be good monitors of both gaseous and
particulate pollution (Lewis et al., 1978; Takemoto et al.,
1974; Tashiro et al., 1974; Takemoto, 1972; Neal and Qlstrum,
1871).

Birds exhibit many characteristics that make them -
potentially good pollution monitors. They are consplcuous,
generally day-active, typically live above ground, and fly at
levels where gaseocus and other respirable pellutant levels may
be highest. The lungs and respiratory tract are particularly
valuable for monitoring air pollution. In contrast, ingested
pollutants probably selectively affect the liver and the
kidney. Small birds, especially when in f£light, have very high
metabolic¢ rates, and the external respiratory system probably
acts very much like a high volume sampler, Birds are
relatively long—=lived, and life histories of most are well
known. Of considerable importance, also, i1s the fact that
birds are well known and readily identifiable. There is more
information on the population biology and behavior of birds
generally than for any cother class of animals, and there is an
excellent fund of knowledge on the physiclogy of hirds.

Birds typically deposit large fat stores in winter or
prior to migration. Thus, they are especially good
accumulators of lipophilic pollutants and are often subject to
delayed mortality, since the residue may be seguestered in the
fat hodies until they are mobilized during molt, migration, or
incubation.

Mammals vary greatly in bhehavicoral and ecological
characteristics, showing the greatest extremes in size,
metabolic rate, and life span among terrestrial animals.
Small mammals, especially the more abundant rodents, can he
collected easily, although populations may fluctuate widely
from year to year. Many species in mid and high latitudes
hibernate and are only seasconally available, Burrowing
species may have limited exposure to many pollutants.

As pointed out by Lewis and Lewis (1978),there is
considerable species variation among small mammals in
susceptibility to pollutants. However, adults of the small
rodent species that are most amenable to study (e.qg.,
Peromyscus, Microtus, Rattus) appear to be highly resistant to
direct acute and sub—acute exposures to most of the more
common pollutants., The abundant and widely distributed deer
mouse, Peromyscus, appears to be practically unaffected by
normal or even heavy applications of various pesticides {(Robel
et al., 1972). This species can tolerate ten times as much
dietary DDT as can the laboratory mouse (Cordes, 1971).
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The potential use of small mammals as air pellution
monitors has been given very little attention. Elevated body
concentrations of lead have been demonstrated in small mammals
along major highways. Yamaocka et al. (1973) reported a number of
increases in organ weights (e.g., lungs, kidneys, adrenal glands,
and. spleen) of experimental rats after 30 to 100 days of exposure
to urban air (relative to controls).

8. Svstematics Collections

Museum and herbarium collections have been frequently
emplayed for retrospective analysis. For example, laboratories
assessing transport and effects of pesticides began using museum
materials collected before the 1930s as "blanks" for purposes of
chemical comparison. Vertebrate materials assayed in the past
have included bone, seft tissues, hair, skin, feathers, or nails.
Products such as eggs have also been assayed. A number of
special types of museum collections such as comparative
serological collections, aleohol preserved tissues, and freeze-
‘dried specimens are also of potential importance, (Lewis and
Lewis, 1978).

"sampling strategies and methods of preservation and
storage of general and research collections are not
generally satisfactory for chemical analyses of
pellutants that are widely distributed in nature.
Nevertheless, used with care, museum collections may
prove very valuable. BSuch collections are often more
amenable to biological monitoring and therefore, play a
supportive role in ralation to specimen banks designed
for retrospective chemical analyses." {Lewis and
Lewis, 1978) ‘

Also, acgeording to Lewis and Lewis (1978), hair and
feathers are a major excretory route for some chemicals such as
methyl mercury, heavy metals and radionuclides. The treatments
and preservatives employed for most museum sXKins to prevent
infestations by pests are an important source of contamination,
but intequmental structures are stable uynder normal museum
management, Appropriately cleaned, they can provide valuable
information on the extent of historigal pollution by trace
contaminants such as lead, arsenic, cadmium and mercury (Dorn et
al., 1974; Gordus et al,, 1973).

However, there is considerable doubt as to the usefulness
of using most soft~bodied museum specimens for determining past
levels of metals in the environment. Collection techniques,
large and sometimes unknown variations in preservatives, and lack
of knowledge of the handling of specimens subsequent to
collection usually prevent confident utilization of museum
specimens for this purpose (Nat. Mus. Nat. Hist., 1976).
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Several programs to use and expand tagxonomic collections for
nonitoring purposes are already in existence. They include the
National Pesticide Monitoring Program and the National
Environmental Specimen Banking System. The latter system is
intended to provide monitoring data for an environmental early
warning system and well preserved and documented environmental
samples for future retrospective analysis. Its stated objectives
are to (1) conduct a survey and evaluation of existing specimen
collections in the United States, (2) organize a planning
committee to evaluate the feasibility of such a banking system,
(3) develop a five-year plan for carrying out the work, and (4)
develop a program to establish criteria for sample collection,
preparation, storage, and analysis (Rood and Geoldstein, 1977).

Road kills, though they represent non-random samples of
hard=to-collect mammals, may be a valuable socurce of information
on population densities, reproductive rates, and accumulation of
toxicants, Hunters' bags have already proven useful in wildlife
management surveys including pesticide monitoring. Wings of
mallards, black ducks, and meurning doves have been monitored
nationwide for pesticide residues. Duck wings that were collected
during the 1965 and 1966 hunting seasons were assayed for
organochlorine pesticides (Heath, 1969), and the process was
repeated during 1969-70 (Heath and Hill, 1974), Residues of DDE,
DDT, dieldrin, and PCBs in these species have declined in certain
flyways since 1969 (White and Heath, 1976).

Relationships between disease, including carcinomas,
pollutant burdens, other effects, and air pellution have been
obseyrved in zoo animals (Lombard and Witte, 1959; Snyder and
Ratsliff, 1969; Bazell, 1971; Tashiro et al,, 1974). Because most
zoos are in urban or suburban environments, and the animals may be
attended by full or part-time veterinary staffs, tissues can
easily be taken from healthy, ill, moribund, or recently dead
animals. Clincial records, vital statistics and extensive life
history information would be available on many of these animals,
The value of zoos is enhanced by their global distribution which
offers the possibility of worldwide monitoring of vertebrate
animals. P

9. Eggs of Birds

Bird eggs are readily gathered and stored, and large
collections covering more than a century of activities already
exist in the museums of the world. 3Such collections were not
initially intended for monitoring environmental changes, but,
with the discovery that DDT acoumulation causes eggshell thinning
in many birds, interest in bird eggs as indicators of
environmental pollution was stimulated. To date, bird eggs have
been studied to determine their altered physical properties as a
result of pesticide accumulations, but eggs may also be very
useful for chemical monitoring as well.
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The average avian egg shell contains 99 percent solids, of
which about 2 percent are organic materials (mainly protein) and
about 98 percent are inorganic materials, almost entirely
crystalline calcium carbonate (calcite). The organic materials
inelude a protein-glycosamino~glycuronoglycon, glycoprotelin
complex, and peptides combined with galactose, mannose,
fructose, and hexosamine, Thus, there is sufficient chemical
complexity in eggshells to make them potentially excellent
monitors of many important environmental changes. However, the
peossible utility of eggs has not been adequately explored, and a
research program should be initiated simultaneously with a
monitoring program. There is no reason, however, to delay the
establishment of a systematic collection of birds' eggs, because
the areas from which eggs should be taken and the kinds of
species which should be represented can be established on
general ec¢ological considerations.

Extensive geographical representation is important because
of differences in basic energetic and nutrient c¢yeling processes
in different types of ecosystems and because pollution leoads
vary geographically., A variety of bird species with different
diets is important because species feeding low on the food chain
are exposed to gquite different concentrations of many pcllutants
in their food from species much higher on the food chain.

The bird species selected should be common in the region,
and approximately ten sets of eggs from each habitat type should
be collected once every five years, Sampling meore often is not
likely to reveal important trends not detectable by a less
frequent sampling schedule,

10. Tissues and Products of Domestic Animals

It is possible to collect and bank regulated animal
products such as milk and blood. The value of such a system is
that it would involve sampling of human focd or non-destructive
sampling of animals that are of high economic importance. For
example, a2 number of pollutants may be excreted in relatively
large concentrations in milk. It was implied that lactation was
the major route of excretion of dieldrin in dairy cattle that
ware provided with contaminated diets (Braund et al., 1968;
Lewis and Lewis, 13878).

BIOLOGICAL MONITORING IN AQUATIC ECOSYSTEMS

Because similar types of lakes and streams can be found in
widely separate geocgraphical regions of the country, aguatic
gsites can be especially useful in comparing anthropogenic
effects among regions with different histories and degrees of
development and rehabilitation. The best organisms and
. processes to monitor differ depending upon whether the objective
is anticipatory or regulatory in nature. A monitcring program
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to anticipate changes caused by human activity must be based on
the fact that future perturbations are largely unpredictable,
Therefore, features which signal changes in the functioning of
organisms and basic processes in the communities are highly
appropriate for monitoring. Special attention needs to be
given to species composing the various stages of energy and
nutrient transfer in the ecosystem and to those that represent
sinks for various chemig¢als. Also important are the factors
that affect ecosystem stability, the diversity of habitats in
the system, and factors that influence productivity as measured
by biomass and effectiveness of reproduction., Discussion of
established and innovative types of monitoring are presented by
Bascom, 1978; McErlean, Kerby, and Swartz, 1972; Peguegnat,
1978; National Science Foundation, 1977, 1978.

An aguati¢ monitoring program for determining the
effectiveness of and compliance with regulations needs to he

‘tailored to measure the effect of an outfall or non=-point

source on a receiving body of water. From a general knowledge
of the source of pollutiocn, an estimate can be made of probable
types of perturbations. Given this knowledge, those organisms
that most accurately determine the presence of those pollutants
can be chosen for the monitoring system. Some generally useful
aguatic organisms include the following:

1. Algae

Algae are excellent organisms for measuring the effects
of pollutants entering a body of water. They may be studied by
examining carefully selected natural areas or by the
introduction of artificial substrates, such as glass slides or
styrofoam.

Algae vary in their usefulness as indicators of different
types of changes. For example:

e PButrophication -~ increases in nutrients can be
estimated by increase in biomass of diatoms,
Spirogyra, Cedogonium, Stigeoclonium, Cladophora, and
various genera of plue~green algae.

® Heavy metals and radiocactivity -— Diatoms and some
other algae are known to be able to concentrate heavy
metals and radiocactive materials many thousand times,
thus making them extremely effective collectors of
those materials.

e Qrganic compounds -— These are accumulated by those

speglies that store fats and oils, but more research is
needed to establish the concentration factors.
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2., Higher plants

Floating and rooted plants alsc increase in biomass with
increases in nutrients. Aerial photography is an efficient way
to estimate yearly changes in the extent of beds of these
plants, though more detailed mapping mey also be needed. The
tips of Elodea leaves accumulate heavy metals and can he used
to monitor the entrance of these substances into a body of
water, but as yet the exact correlation between the amount that
is concentrated and ambient input is not known.

3. Molluscs

Both fresh and salt water species of bivalve molluscs
have been used for monitoring. The most useful species are
well known bioclogically; are sedentary and relatively long~
lived; bicaccumulate heavy metals, transuranic elements,
petroleum hydrocarbons, and halogenated hydrocarbons {(Goldherg
et al,, 1978); and preserve a reccrd of some of these chemicals
in their valves.

Species which can be employed as sentinel organisms
include: Mytilus, Crassostrea, and Qstrea sp. in outer
estuaries and coastal waters; Geukensia sp. and other marsh
genera in tidal marshes; and Anodonta sp. and related genera in
fresh water lakes, rivers, and streams (Goldherg et al,, 1978;
Patrick and Riry, 1976). Bivalves can be examined in natural
beds or placed in introduced substrates, either suspended from
wharves or piers, or anchored to the bottom.

A few gritical stations should bhe established along the
three coasts of the United States and at the mouths of major
lakes and rivers for menitoring once a year in mid-fall, By this
time bivalves have completed their reproductive cycle and are
"fattening" for the winter, much of the warm—season shell has
been added, and 1f the population is growing, young of the year
will have settled among the adults. Ouality of the soft tissues
of adults can he detarmined by growth rate of marked
individuals, condition of soft tissues (primarily glycogen), and
presence or absence of pathogenic viruses, parasites
(histopathological changes), and noxious chemicals,

Determinations can be made of metals, pesticides, and
hydrocarbons in soft tissues, and of metals in shell (Carriker
et al,, in press; Goldberg et al.,, 1878). The shell laid down
during the previous year must be separated from the rest of the
shell to provide estimates of heavy metals and radicactive
nuclides for that year. Shell growth iz periodic, and degree of
concentration of elements varies in different layers with
environmental conditions (Carriker et al., in press; Nat. Mus.
Nat. Hist., 1976). Whereas chemicals incorporated in the shell
remain there with some permanence, different chemicals vary in
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the rate of flushing from, or accumulation in, soft parts.
Additional studies are needed to determine the rate of retention
and concentration of these chemicals in soft tissues, as well as
the effect on their uptake of salinity, dissolved corganic
matter, non-filterable particgles, and yearly sexual cycles. It
will also be necegsary to determine whether a composite sample
of 25 individuals is adequate for satisfactory reduction of the
sampling variance in soft tigsues (Goldberg et al., 1978).

4. Insects

. Insects are known to be useful as indicators of
sutrophication or acidification (blackfly and chironomid
larvae), various toxicants (mavfliies and stoneflies),
temperature changes (stoneflies), loads of suspended solids
(caddisflies), and heavy metals {caddisflies). Detailed
taxonomic knowledge is important because there are striking
species differences in responses., For example, some species of
caddisflies thrive in the presence of concentrations of heavy
metals that eliminate other species., Similarly, some species of
blackflies increase with stream acidification while ¢thers
decrease,

5. Fishes

Pishes are economically important in most aguatie
environments, and they attract considerable public attenticn.
In addition, because of their long generation time, fishes are
informative indicators of leng=texrm changes in physical and
chemical pollutants, as measured by biocaccumulation, body
growth, and cocmmunity changes.

Non-biodegradable materials (pesticides, heavy metals,
and radionuclides) may be concentrated as they pass through the
aguatic food chain until they reach the apex consumers, the
fishes. Depending upon the substances to be monitored, the
liver, gall bladder, flesh, and bones should be analyzed.
Growth can be measured more sensitively and accurately than
other physioclogical parameters of fishes because the history of
growth rates of a fish is presexrved in the annular marks in the
scales and other hard parts of the body such as otoliths.
Nonetheless, the significance of changes in growih rates may be
difficult to determine because growth rates of fishes are
sensitive to peopulation density, food supply, and temperature
as well as to concentrations of toxicants.

Systematic surveys of fish populations will coften reveal
the effects of some outside influence by virtue of changes in
relative abundance of species, loss of species, or the pressance
of new invading species. Short-term impacts may be detected by
behavior, Fish may avoid areas of altered temperature or
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increased concentrations of toxic materials, and a noticeable
migration away from an area may suggest the presence of
pollution. Acute toxic responses of fishes to toxicants include
the cough response, opercular movements, and abnormal activity.

A summary of the utility of different agquatic organisms
for anticipatory and regqulatory monitoring purposes is provided
in Table A.l., Procedures are divided inte intermittent and
continucus activities, but the original references must be
congulted for details of the intensity of data gathering needed
for different purposes and for details of actual methods.

MONITORING DIFFERENT AQUATIC ENVIRONMENTS

FRESH WATER SYSTEMS

Rivers

From a chemical standpoint, streams in the United States
fall into the following types:

(a) Streams of low conductivity and productivity.

{(b) Streams of low conductivity but high in humates, such
as blackwater streams.

{¢) Streams with low calcium=carbonate hardness (less than
50 ppm).

(d) Streams of medium hardness (30-200 ppm).
{e) Very hard streams (>» 200 ppm}.

(f) Streams that are rich in alkaline metals, such as sodium
and potassium, and high in carbonates of various types,

The monitoring system should include streams of all of
thege types at various altitudes, because high altitude streams
are often exposed to more fallout. Alsc, streams should be
measured in various major ecosystems of the country, preferably
in conjunction with the terrestrial meonitering program.

Monitoring rivers for anticipatory purposes and
effectiveness of regulations should include the assessment of
numbers and kinds of species and productivity (reproductive
guccess and biomass) of algae, invertebrates, fishes, and other
vertebrates if they occur in sufficient numbers to be important
in the functioning of the egosystem. The most important groups
of organisms are benthic¢ and vagile species. When they occur,
species that live in the land=-water interface should be
included.
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The monitoring of rivers for regulatory development and
enforcement of regulations should use those organisms which
concentrate or show physiological changes that indicate the
pollutant in guestion, Useful methods include continuouws field
nonitoring, semicontinuous monitoring, and laboratory
monitoring as set forth in Table A.l.

Lakes

Lakes can be classified in a number of ways but for
purposes of a requlatory agency the following characteristics
are most important.

{a} Presence or absence of thermal stratification.
Stratification can occur during the winter in regions where
temperatures are low encugh for freezing to occur and during
the summer when warm layers may overlay colder, deeper water.
In some lakes, however, there is sufficient mixing of water
from all depths that little or no thermal stratification
develeps at any time of the year.

{b) Renewal rate of water, Lakes range from those in
which the amount of water flowing through them is so great that
the average residence time of molecules of water may be no more
than a few months to a few years. In other lakes, flow through
in relation to lake volume is so small that residence times of
water in the lake may be decades or centuries. The responses
of lakes to perturbations and restoration attempts depend, in
large part, on the renewal rate of thes water.

{¢) ¢Shape., Shapes of lakes determine the relative
exposure of the water mass to shore conditions. Long, thin,
shallow lakes are more strongly influenced by shore conditions
than are circular, deeper lakes.

{d) Nutrient status. Because of differences in their
drainage basins, lakes differ strikingly in their chemistry.
2cid bogs low in nutrients and alkaline lakes rich in nutrients
represent extremes aleng one chemical continuwm,

Ilakes differing in these characteristics respond
differently to anthropogenic and natural perturbations.
Therefore, a thorough monitoring scheme should include examples
of lakes differing in as many of these characteristics as
possible in a variety of gecgraphical regions of the country.

The general groups of organisms and types of monitoring
are the same as described for rivers. However, in lakes,
plankton organisms are very important in the food web and should
be monitored along with vagile and benthic species., Important
processes to be monitored are reproductive success and rafe of
accumulation of biomass,
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Table A.l. Continuocus and Intermittent Amatic Biological Monitoring judged
" especially useful for anticipatory and Regulatory Purposes,

Biclogical survey — the exanination of all wajor groups of organisms imporiant
in nutrient transfer in the ecosystem. Thias ia carried
Intermittent out by a team of trained pecple.

Suggested groups to sboady: 14
1. Plankion species — ppoductivity {02, primary production; C), phytoplankton, zooplankbon
2. Benthic organisis —- specites, blomaSs, productivity; algase, protozoans, wonomd, molluscs, insects

Anticipatory 3. BAguatic mecrophytes —- species, wapping size of beds, biomass
Monitoring 4. Fishes —— species, relative mwmbers, estimate of standing crop

or

Program

Effective Aigae — artificial substrates [(diatomecer) 4

Monitoring Specles, community atructure, biomass, chlorophyll, ~ C, acowmdation of

insecticides and heavy metals

Continuous Hussels and oysters — trays, cages, from designated beds
Growth, condition, pests, accumalation of pesaticides and metala

Invertebrates — Dendy baskets
Insects and/or Crustacea; epecies, nbers, biomass
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Bequiatory
Honjeoring

Table A,1l. Continued

Diversion of efflvent throough
aqaria and ponds, and mix
with stream water

Piversion of stream or estuary
water to mondtor quality

Jg

Algas -— an substrates
thokers and kinds of species, productivity,
bicmass, accumilation of heavy metals, radlo-
activit:.r, pesticidea and organic chemicals

Flshes — in aquaria
Opercular riythms, swimming, vision, coughing,
accomialion of pesticides, heavy metals,
radinacl:ivity

Muzsels — in cage
Growth, feed.lng ratea accuralation of heavy
matals, radioacl:ivity, pesticides

Microcoama -- algaa
Diversity, species numbers, productivity,
bicmass, accumalation of heavy metals, radio—
activicy, and pesticides



Table Ah.l. Continued

houte tests
Algas Death
la i < Histological changes
:Egguijig Intermiteant. Invertebrates og
Fishasg Thronic Tests
Fhysiological changes
respication
reproduction
assimilaticn Invertebrates
photosyntheais
call divisi.on Fishes
accumalaticn
effects of organophosphates
on cholinestergss Fishes
enzymatic system efficiency
Behavioral changes
gight
opercular rhythms Al
Morphoiogical & histological gas
changas

Algas

Inwvertehrates
Pishen
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MARINE SYSTEMS

Estuaries receive not only the pollutants which are added
directly to the system but also those pollutants carried inte
the estuary by the rivers at the upper end. Conditions in the
estuary reflect, therefore, all of the accumulation of
pellutants from the entire drainage basin. Scome of the
pollutants added to the streams and rivers are, of c¢ourse,
sedimented or recycled before they reach the estuary; others
must pass through the estuary to reach the final destination,
the open sea.

Within the estuary, there is a gradual increase in
salinity from the river to the offshore coastal waters,
Pollutants in the estuary are gradually diluted with this
inereased participation of sea water in the circulation. As a
result of the increased salt content and of chemical reactions
with elements in sea watey, some constituents are precipitated
out of solution and accumulate in the sediments,

Oceanic islands, such as Hawaii, Puerto Riceo, the U,S.
Virgin Islands, and some goastal offshore islands, may be
subjected to direct ocean dumping of pollutants that do not pass
through estuaries, In such instances, biological meonitoring
systems would have to be implemented for purely marine
communities such as coral reefs, offshore fishing banks,
littoral marine communities, the marine plankton and nekton, and
the marine benthos. The relevance and importance ¢f coastal and
marine communities notwithstanding, this report does not delve
into communities beyond the estuary. The biological monitoring
of marine ecosystems degerves additional attention by EPA.

The major regions to be monitored in marine systems are
marshlands, which are the breeding and feeding ground for many
invertebrates and vertebrates, and open water which is the site
of plankton production, the reproductive area of fishes that
spawn in the water column, and the migration paths of these
organisms. The sites to be monitored should include one in the
river beyond salt penetration to evaluate riverine inputs; one
in mid=-estuary where, under annual mean river flow, the mid-
channel water column contains about equal amounts of river
water and coastal water; and one at the mouth in mid=channel.
Marshes adjacent to the sampling sites, if present, in each of
these locations also should bhe monitored. In embayments, where
gsalinity differs only slightly, or not at all, from that in
outside sea water, sites should include one near the land, one
in the center, and one at the mouth with companion sites on
adjacent marshes if these are present,

The organisms to be monitored for anticipatory needs
should represent three stages in the food web; primary
producers (diatoms, blue-green algae, green algae); herbivores
{oysters, mussels, c¢rustaceans), and omnivores or carnivores
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(fishes, lobsters). The specific organisms should be those
most important in the food web or of commercial importance.
Their growth, reproductive sucgess, biomass, and accumulation
of chemicals should be determined., Because the stage
immediately following hatching is often the most sensitive,
particular attention should be paid to very young animals.

For regulatory and compliance monitoring the organisms
selected should be the most sensitive to a given type of
pollution., For bicaccumulation of toxicants, molluscs, some
attached aquatic algae, and fishes have proved most useful.
For changes resulting from eutrophication, algae and attached
aquatics and some types of worms are most useful.

AQUATIC SEDIMENTS

Rain and wind may bring elements such as the halogens,
boron, and sulfur, and particulate matter to bodies of water
far removed from their sources. Mercury {(Hg) concentrations,
caused by industrial activity and technological advance
({Cowgill, 1975), appear in lake basins far removed from such
activity. Recently, vitamin B complex has been found in rain
(Parker and Wachtel, 1977), and, earlier, thiamin (Hutchinson,
1943), niacin and biotin (Butchinson and Setlow, 1944) were
noted o have a seasonal distribution in some lake waters.

Elements in water may attain concentrations that exceed
the solubility product of their compounds. Minerals form in
situ, precipitate out and slowly arrive at the mud surface.
Examples include various types of calcium minerals, notably
calcite, aragonite, and gypsum; iron and manganese compounds;
aluminum oxides; and silicates. Aluminum and silicon minerals
have heen shown to be experimentally formed in water under
natural conditions (Hem, Roberson, Lind, and Polzer, 1973).
Presumably diatoms extracting silicon from silicecus minerals
may contribute to the incidence of such compounds in the mud.
Dying organisms, especially plankton, alse make major
contributions to elements in agquatic sediments, and their
organic compounds may sorb and concentrate elements such as
bromine and iodine (Mackereth, 1965, 1966; Cowgill and
Hutchinson, 1966, 1970).

Few bodies of water have been thoroughly studied from a
chemical or a biological viewpoint so it is difficult to come to
any conclusion that would prove generally applicable.
Examination of the chemical composition of the sediments alone,
on the basis of present knowledge, will not provide conclusive
evidence as to the state of health of a body of water.
Nonetheless, a program of monitoring elements in sediments can
provide valuable information on changes taking place in the
waterszheds draining inte those bhodies of water. A well-designed
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monitoring program of bottom sediments should include a series
of lakes and estuaries in different c¢limatic zones with
different depths and sizes, but closely matched for these traits
while contrasting in the patterns of human impacts on their
watersheds. Without this aspect of experimental design, changes
caused by human activities cannot be distinguished from those
caused by natural fluctuations in environmental conditions.

RETROSPECTIVE MONITORING OF SEDIMENT CORES

Palececnlogy provides retrospective monitoring of aquatic
and terrestrial environments. Changes in the remains of algae,
pellen, and invertebrates and fishes may indicate general shifts
in climatic conditions, the rise and fall of the coast line, as
well as the effects of development in industry, forestry,
agriculture, mining, urbanization, and other land uses.
Microfossils can provide temporal records of past environments.
Selection of sites in different regions of the country or near
different types of develcopments can add a spatial dimension and
specific information of past conditions.

A unigque advantage of these methods is that the samples
are presently well preserved in the bottoms of thousands of
lakes and reservoirs scattered across the United States. The
occurrance or relative abundance of pigment determinations and
relative sizes of pollen grains indicate eceolegical changes in
the water and on land and the effects of human activities.
Thus, the past history of major changes in the landscape can be
measured or recognized.
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Appendix B

PLANTS KNOWN AS ACCUMULATORS OF CERTAIN ELEMENTS OR KNOWN INDICATORS
OF MINERAL DEPOSITS

ALUMINUM

Lycopodium fabelliforme Princess pine
Afzelia africana

Lygcopodium sp. club moss
ARSENIC

Pseudotsuga menziesii Pouglas £ir
BARIUM

Bertholletia gxcelsa Brazil nut
Pseudotsuga douglasii Douglas fir (7?)
BERYLLIUM

Vicia sylvatica
Aconitum excelsum
Calamagrostis arundinacea

BORON

Eurctia ceratoides winterfat
Limonium suffrutlcosum statice
CHROMIUM

Leptospermum scoparium
Cassinia vauvilliersii

-

COBALT

Silene cobalticols
Crotalaria c¢copalticola

COPPER

Gypsophila patrini Karum
Acrocephalus robertii

Ccimum homblel basil

Merceva latifolia COpper moss
Viscaria alpina German catchfly
Polycarpea spirostvlis pink

Becium homblel mint
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Acrocephalus katangaensis

Polycarpaea glabra
Eschecheoltzia mexicana

Tephrosia sp.
Astraga.lus deglinatus
Cassia desolata
PEilotus obovatus

Scaevola densevestita

HALOGENS

Dichapetalum cymosum——F
Felijoa sellowlana=—1
IRON

Betula =p.

TIusia rosea
Dacrydium caledonicum
Damniara ovata

Eutregsa intermedia

LEAD

Erianthus giganteus

LITHIUM

Acacia raddiana
Acacla ehrenbergiana
Thalictrum sp.
Lyclum sp.

Solanum sp.

Datura sp.

Atropa sp.

Clrsium sp.

MANGANESE

Digitalis purpurea
Fucus vesiculolus

Trapa natans
Zostera nana

MERCURY

Arenaria setacea
Holostium umbellatum

MOLYEDENUM

Astragalus declinatus
Quercus wislizeni

Q. douglasii
Prmsop?s FJuliflora
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milk vetch

beardgrass

milk wvetch
o2k

blue oak
mesquite



NICKEL

Alvssum bertolonii

Alyssum murale

Asplienium adulterium Asplenium
Pulsatiila patens

Hybanthus floribundus

NIOBIUM

Rubus arcticus

Vaccunium myrtillus
Chamaernerion angustifolium
Betula pubescens

PHOSPHORUS

Convolvulus zlthaeoides bindweed

RARE EARTHS

carya sp. hickory
Candica albicans

RHENIUM

Atriplex confertifolia
Qenothera caespltosa

SELENIUM

Astragalus bisulcatus
B dinolcus
havdenianus
oocalyols
racemosus
osterhouti
albulus
Argllilosus
confertiflorus
moencoppensis
ravi
pectinatus
toanus
beathii
gastwoodae

llisiae
. crotalariae
pattersoni
preussi
racedens
sabulosus
gaurinugs
preusse and A. pattersoni also indicate the presence of U
ile scme species Of Stanleya indicate the absence of U,

>

|

b o

1171

=

w {r

[ R

+ J»

Hiddissigisiaididisigicie

o

w

45



Oonogsis
Asteyr venustus

Stanleya sp.

¥vlorhiza

Townsendia incana
Gutierrezia sarothrae
Neptunia amplexicaulis

SILVER

Eriogonum ovalifolioum
Finus contorta

Populus tremuloides
Pseudotsuga taxifolla
Juniperus communis
Abies lasiocarpa
Equisetim

Lonicera confusa

STRONTIUM

Echium italicum
Alhage kirghisorum

Ampelopsis vitifolia
GlyCcYyrrnlza gLabra

golden weed

woody aster
Princeplum

Eriogonum
Ladgepole pine
aspen

bouglas fir

dwarf juniper
Rocky Mountain fir
horsetails
honeysuckle

All known analysis of the Gramineae have shown that Sr is

present {dry weight) 26-410 ppm.

TIN

Sempervivum soboliferum
Pluchea quitoc

Calluna vulgaris
Gnaphalium sylvaticum
Silene Inflata

Tanacetum vulgare
Quercus SESSl%ls

URANIUM

Astragalus thompsonae
A. pattersonil

A, preussi
VANADIUM

Allium sp.

Astragalus bisulcatus
Astragalus preussi
Castilleda
Chrysothamnus
Amantia muscaria




YTTRIUM

Calamagrostis arundinacea
Dactylis glomerata
Some Ferns

ZINC
Viola calaminaria zinc viglet
Philadelphus lewisii syringa orange

Ruta gaveolens

Thlaspi calaminare

Gomphrena canescens

Polycarpaea synardra var gracilis
Tephrosia polvzvga

ZIRCONIUM

Calamagrostis arundincea
Dactylig glomerata
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